Abstract. Identification of new therapeutic and prognostic biomarkers for clear cell renal cell carcinoma (ccRCC) is urgently required since most patients are in advanced stages of ccRCC at initial diagnosis and the recurrence rate is high. Differentially expressed proteins between the ccRCC cell line RLC-310 and the normal renal cell line HK-2 were identified by a comparative proteomic approach based on a protein fractionation two-dimensional (PF-2D) liquid-phase fractionation system and capillary liquid chromatography electrospray ionization mass spectrometry/mass spectrometry (LC-ESI-MS/ MS). Differentially expressed proteins (n=196) were identified. Of the 13 differentially expressed proteins newly discovered in ccRCC, angiomotin (Amot) was the focus of this study since its role in ccRCC progression has been obscure. The overexpression of Amot in ccRCC tissues was confirmed by comparing Amot expression in 18 primary ccRCC tissues and adjacent normal renal tissues (ANRT) using western blot analysis. Quantitative RT-PCR using 127 ccRCC tissues revealed that high levels of Amot transcripts were associated with poor differentiation, venous invasion and decreased survival (p<0.0001, <0.05 and <0.05). Multivariate analysis indicated that Amot transcript was an independent prognostic factor for the survival of ccRCC patients (p<0.05). These data suggest that Amot may serve as a novel prognostic factor of ccRCC.
Introduction
Of all types of cancers, kidney cancer, which accounts for >83,000 deaths per year worldwide, ranks the sixth in the agestandardized incidence rate (per 100,000), with 5.8 in females and 11.8 in males in developed countries and 2.5 in males and 1.4 in females in developing countries (1) . Renal cell carcinoma (RCC) constitutes the most prevalent form of kidney neoplasm in the adult population. Most RCC patients are found to have metastatic disease at initial diagnosis and are, therefore, defined as patients with advanced RCC. Immunotherapy with cytokines is the standard systemic treatment for advanced RCC. However, advanced RCC is inherently resistant to standard systemic treatment regimens (2) . It has been reported that high-dose interleukin-2 (IL-2) or interferon (IFN)-α shows only 10-15% response rates in selected patients (3, 4) .
The increased knowledge of the molecular pathways involved in the proliferation and angiogenesis of RCC has led to the development of targeted therapy. Since 2005, six new targeted therapy drugs (Sunitinib, Sorafenib, Pazopanib, Bevacizumab, Temsirolimus and Everolimus) with proven efficacy have been approved for treatment of metastatic RCC (5) . However, the downside is that our knowledge of the mechanisms of action of these drugs and the intrinsic and extrinsic mechanisms of drug resistance do not evolve equally fast and many questions remain unanswered.
Currently, targeted RCC therapy drugs suppress tumor angiogenesis and abnormal proliferation of tumor cells mostly by targeting to VHL/HIF signaling pathway and related growth factors (6,7). As we know, kidney cancer cell proliferation and angiogenesis are the results of the joint action of multiple molecular pathways and there exists a compensatory relationship among these pathways. When the VEGF/RTK signaling pathway is suppressed, other compensation pathways may be activated. Therefore, a single targeted drug often has limited therapeutic effect. It is generally believed that better treatment effect can be achieved only by the combined application of drugs targeting to different angiogenesis and cell proliferation signal pathways (8, 9) . In recent years, it has become a hot spot to research on drugs targeting to the VEGF/RTKindependent angiogenesis/cell proliferation pathways.
Comparative proteomic strategies have been introduced to identification of targeted proteins in cancer research (10) (11) (12) . The two-dimensional polyacrylamide gel electrophoresis (2-DE)/mass spectrometry (MS) approach is one of the most popular tools for profiling the proteome in human diseases. However, the intrinsic property of 2-DE leads to an underrepresentation of the proteins that are highly hydrophobic or highly basic or lowly abundant, or the proteins with high molecular weight or extremely isoelectric points. Recently, several new technologies have been developed to avoid 2-DE weakness. The PF-2D separation technology employs isoelectric focusing chromatography for the first dimension and reverse-phase chromatography for the second dimension. The PF-2D combined with capillary LC-ESI-MS/MS has been used to improve protease detection of the more acidic, basic and hydrophobic proteins and to increase reproducibility and throughput of the extremely isoelectric points typically observed with 2-DE analysis.
Proteomic identification of angiomotin by
In this study, we compared the global protein profiles of ccRCC RLC-310 and normal renal cell line HK-2 using a PF-2D/capillary LC-ESI-MS/MS based approach. Thirteen differentially expressed proteins were newly discovered in RCC and angiomotin (Amot) was a newly identified differentially expressed protein in ccRCC cell line. We found that high levels of Amot transcript were associated with poor differentiation, venous invasion and decreased survival. Amot transcript was an independent prognostic factor for ccRCC. These data suggest that Amot may serve as a novel prognostic factor for ccRCC.
Materials and methods

Materials.
The reagents used in the study are as follows: RPMI-1640 and fetal bovine serum (FBS) (Gibco/Invitrogen, Carlsbad, CA, USA); Transwell inserts (Costar, Cambridge, MA, USA); ProteomeLab TM PF-2D system and its matched separation kit (Beckman Coulter, Fullerton, CA, USA); LC-ESI-MS/ MS instrument (Thermo Finnigan US Companies, San Jose, CA, USA); rabbit anti-human Amot polyclonal antibody (Abcam, Cambridge, MA, USA); goat anti-rabbit secondary antibody and rabbit anti-human β-actin polyclonal antibody (Jackson Co., Lansing, MI, USA); TRIzol reagent (Invitrogen, Carlsbad, CA, USA); RNAfast200 (Flytech Biotechnology, Shanghai, China); one-step SYBR RNA PCR kit II (Takara Biomedical, Dalian, China); TPCK-trypsin, trifluoroacetic acid (TFA), n-octyl glucoside and protease inhibitors (Sigma Co., St. Louis, MO, USA). The informed consent for the use of the samples was obtained from each patient. Patients were routinely followed up on a regular basis and details were stored in a database.
Methods
Cell line culture and sample preparation. RLC-310 and HK-2 cell lines were cultured in RPMI-1640 supplemented with 10% FBS at 37˚C in 5% CO 2 . The cells were harvested at the exponential growth phase by trypsinization, washed with ice-cold PBS, counted and homogenized in lysis buffer (6 M urea, 2 M thiourea, 10% glycerol, 50 mM Tris, 2% n-octyl glucoside, 5 mM TCEP and 1 mM protease inhibitors) on ice. Suspensions were incubated for 1 h at 4˚C and centrifuged at 20 000 x g for 60 min. The supernatants were stored at -80˚C until use. The total protein concentration was determined by the Bradford method using bovine serum albumin as the standard.
Two-dimensional liquid phase fractionation (PF-2D) separation and analysis.
The ProteomeLab PF 2D Chemistry kit includes a chromatofocusing high performance computing facility (HPCF) column (first dimension), a nonporous high performance reversed-phase (HPRP) column (second dimension), a start buffer (pH 8.5) and an elution buffer (pH 4.0). The first dimension separation consists of chromatofocusing, based on charge. Chromatofocusing was carried out on the CF column by mixing two buffers with different pH values, Start buffer (pH 8.5) and Eluent buffer (pH 4.0), to create a linear pH gradient from 8.5 to 4.0, which was followed by a wash buffer comprising 1 M NaCl. The pH gradient was achieved by introducing increasing amounts of the eluent buffer (pH 4.0) at a flow rate of 0.2 ml/min over 90 min. Protein samples (≤5.0 mg), prepared in Start buffer, were loaded. Protein peaks in Eluent buffer were monitored by absorbance at 280 nm. The first dimension fractions were collected in 96-well plates (every 0.3 pH units during the pH gradient portion of the run or every 5 min during the other stages of the run, before the pH gradient and during salt washing) and introduced into the second dimensional reversed phase chromatography, which separated proteins based on hydrophobicity.
In the second dimension, each fraction (500 µl) was sequentially analyzed by reversed phase HPLC at a constant temperature of 50˚C. Proteins were separated at a flow rate of 0.75 ml/min on a non-porous C18 reversed phase column using 3.33% B/min linear gradient in which solvent A was 0.1% aqueous TFA and solvent B was 0.08% TFA in acetonitrile. Proteins were monitored at 214 nm. The reversed phase fractions were collected by 0.25 min/tube and stored at -80˚C for further analysis. The fractions were also collected into 96-deepwell plates for mass spectrometry analysis.
The hardware was controlled by 32 Karat software. With this system, the first and second dimensions occurred sequentially in an automatic manner. For one-dimensional LC, the percentages of the protein eluted on different columns and at different pH conditions were determined by calculating the peak area of the protein monitored at 214 nm, a wavelength at which the peak area was directly proportional to the quantity of the protein(s). Mass spectrometry was carried out to confirm the composition of the protein peaks. Comparison of two separate UV/pI maps consisting of the entire pH gradient was performed by a module (DeltaVue) of the Mapping Tools data processing software. A second module (MultiVue) enabled the analysis of a pH lane selected from multiple sample runs.
Capillary LC-ESI-MS/MS analysis and database searches.
The reversed phase fractions (200 µl) obtained from the two-dimensional LC were concentrated to 5-10 µl using a SpeedVac concentrator, and 1 M NH 4 HCO 3 was added to the residues to neutralize the samples to pH 8.0. The samples were then digested at 37˚C for 20 h with sequencing grade modified trypsin at an enzyme-to-substrate ratio of 1:50. The digestion was stopped by adding 10% TFA and the digestion product was freeze-dried; then 1D-LC ESI-MS/MS was performed using an LTQ linear IT mass spectrometer with the CF column equilibrated with 0.1% formic acid in 95% water and 5% acetonitrile. The system was fitted with a C18 RP column. The mobile phase A was 0.1% formic acid in water and the mobile phase B was 0.1% formic acid in acetonitrile. Each sample was dissolved to 5 µl in 0.1% formic acid in water and auto-injected to the C18 Trap desalination column and then separated on the C18 reversed-phase column. The system was set as follows: injection mode, microspray; detection method, positive ions; capillary temperature, 170˚C. The gradients were set as follows: 0-20 min, B fluid linear gradient from 4 to 50%; 20-24 min, B linear gradient of liquid from 50 to 100%; 24-30 min, B solution maintained at 100%. The LTQ linear IT mass spectrometer was set so that one full MS scan was followed by 20 MS/MS scans on the 10 most intense ions from the MS spectrum.
MS/MS spectra were automatically searched against the non-redundant International Protein Index (IPI) human protein database (version 3.53) using the TurboSEQUEST program in the Bioworks Browser software suite. The peptides were constrained to be tryptic and up to two missed cleavages were allowed. The allowed mass tolerance was 3.0 Da for the precursor ions and 1.0 Da for the fragment ions. The stringent protein identification criteria were based on ∆ Cn ≥0.1 and cross-correlation scores (Xcorr, one charge ≥1.9, two charges ≥2.2, three charges ≥3.75). Only proteins identified by at least two peptide matches were reported as differentially expressed proteins.
Tissue processing and RNA and protein extraction. Frozen sections of tissues were cut at a thickness of 5-10 µm and kept for routine histology. Another 15-20 sections were mixed and homogenised in ice-cold RNA extraction solution using a hand-held homogeniser. The concentration of RNA was determined using a UV spectrophotometer. The rest of the tissues were used for protein extraction.
RT-PCR and quantitative RT-PCR.
The total RNA from cells and tissues was extracted using the TRIzol Reagent according to the manufacturer's instructions. cDNA was prepared by reverse transcription of 1 mg total RNA using oligo(dT) 15 primer and reverse transcriptase. The primer sequences and the expected sizes of PCR products were as follows: Amot, sense 5'-CAG CAG CAG CAG CCA CAG-3' and antisense 5'-CCA CCT TCT CAT AGC ATC CTT CC-3' (196 bp); β-actin, sense 5'-ATC GTG CGT GAC ATT AAG GAG AAG-3' and antisense 5'-AGG AAG GAA GGC TGG AAG AGT G-3' (179 bp). RT-PCR was performed using a one-step SYBR RNA PCR kit II according to the manufacturer's instructions in the following procedure: reverse transcription at 48˚C for 30 min and denaturation at 95˚C for 1 min; amplification for 35 cycles at 94˚C for 0.5 min, annealation at 60˚C for 0.5 min and extension at 70˚C for 0.5 min; then a terminal elongation step at 72˚C for 5 min and a final holding stage at 4˚C. Reactions were run on an ABI 9700 Thermocycler (Applied Biosystems Inc., Foster City, CA, USA). PCR products were separated by electrophoresis on 1.2% agarose gels. Ethidium bromide-stained bands were visualized by UV illumination and quantified using the Dolphin-DOC Gel imaging system (Molecular Dynamics, Sunnyvale, CA, USA).
The miRNA quantification was done using a previously described method (17) . RNA samples used in qPCR validation experiments were isolated from 127 primary ccRCC tissues paired with ANRT. Primer 5 software was used to design the primer sequences. The sequences of the respective primers were: angiomotin (5'-AAG CGT TGC CTT GAC ATG GAG-3' and 5'-GGA ACG CTG CTG GAG TAC TTT GA-3'), β-actin (5'-TGG CAC CCA GCA CAA TGA A-3' and 5'-CTA AGT CAT AGT CCG CCT AGA AGC A-3'). First, 100 ng of total RNA was reverse transcribed by incubation at 42˚C for 60 min and 70˚C for 15 min in a 7900 Thermocycler (Applied Biosystems, Carlsbad, CA, USA) using 100 U of M-MLV reverse transcriptase (Takara: D2639A) and 1 µM stem-loop RT primer. The samples were then held at 4˚C. Real-time PCR was performed using Platinum SYBR Green qPCR SuperMix-UDG (Invitrogen: 11733-038). All reactions were run in triplicate. The ∆∆CT method was used to determine the expression differences between clinical outcomes (18) .
Western blot analysis. Tissue and cell protein extracts were collected after sonication with 2X sample buffer (0.25 M Tris-HCl, 10% 2-mercaptoethanol, 4% sodium dodecyl sulphate and 10% sucrose). The protein concentration was determined by Bradford method using bovine serum albumin as the standard. A total of 20 µg of each protein sample was run on a 12% SDS-PAGE gel and transferred onto nitrocellulose membranes using a hygro-blotter. Non-specific binding was blocked with a buffer containing 0.1% Tween-20 and 5% non-fat dried milk for 1 h at room temperature and subsequently incubated overnight at 4˚C with anti-Amot antibody (1 µg/ml). β-actin (dilution at 1:1,000) was used as an internal positive control. The antibody-bound membranes were then incubated for 1 h at 37˚C with anti-rabbit horseradish peroxidase-conjugated IgG secondary antibody. Protein bands for immunoblot analysis were detected on X-ray film using enhanced chemiluminescence (ECL) chemiluminescence reagent. Gels and the film were scanned using a Personal Densitometer SI (Leica, Germany) and analysed using Gel-Pro Analyzer 4 Image software. Statistical analysis. Statistical analyses were conducted with SPSS 13.0 software. The differences between the cancer tissue and the adjacent tissues in the western blotting of Amot were assessed using the paired t-test. The relevance analysis of the Amot transcript expression and clinicopathological parameters was performed by the Kruskal-Wallis test and the cross-tabs χ 2 test. Survival curves were generated by using the KaplanMeier method. The statistical analyses were performed by using the log-rank test. Multivariate analyses were performed using the Cox proportional hazard model. Statistical significance was defined as p<0.05.
Results
Comparative proteomic analysis of RLC-310 and HK-2.
In the ProteomeLab PF-2D system, 2.5 mg of protein extract from ccRCC cell line RLC-310 or normal renal cell line HK-2 was injected into the column. The virtual 2-D gel given by the software ProteoVue showed the first-and second-dimension separation of proteins by their isoelectric points (pI) (Fig. 1A) and hydrophobicity (Fig. 1B) . For each cell line, 15 protein fractions were collected in the 8.5-4.5-pH gradient in the second dimension using the high performance reverse-phase chromatography (buffer run: 60-125 min). Each obtained fraction showed ≤13 peaks or bands on average and the protein fractions from the two cell lines showed a total of ~400 bands (Fig. 1) . We only considered peaks or bands that had a minimal absorbance (0.04 µA) and a protein peak area ratio >2. Ultimately, 12 bands were excised for identification using capillary liquid chromatography electrospray ionization mass spectrometry/mass spectrometry (LC-ESI-MS/MS) ( Table I ).
In the tandem mass spectrometry, eight mother-ions were chosen from each protein sample for secondary mass spectrometry according to the level of the mass spectrogram and ultimately, the peptide mass of each protein sample was calculated and the MS/MS map (fragment ion mass) was obtained. The amino acid sequence of each peptide fragment was obtained by analyzing the secondary mass spectrometry results of bn and yn ion series. Finally, 196 differentially expressed proteins were identified by searching the database ipi.HUMAN.v3.53. ), which has not been reported in ccRCC studies before. The retention time of Amot in gradient elution was 14.24-14.54 min and its experimental isoelectric point was 8.03-7.73. Capillary LC-ESI-MS/MS analysis revealed a preliminary score of 704.6 and 10 matched peptides as shown in Fig. 2A . A significant difference in the mRNA level of Amot was observed between RLC-310 and HK-2 by semiquantitative RT-PCR (Fig. 2B) . Significantly high expression of Amot was detected in RLC-310, compared with the Amot protein expression level in HK-2 by western blot analyses (Fig. 2C) . Analyses of the Amot protein and mRNA levels further verified the Amot expression difference displayed by the PF-2D system between the two cell lines.
Identification and verification of Amot overexpression in
Overexpression of Amot in primary ccRCC tissues.
Western blot analysis of 18 tissues using anti-Amot antibody showed an overexpression of Amot in ccRCC tissues, compared with the Amot expression in adjacent normal renal tissues (ANRT) (n=18: carcinoma tissues, 0.524±0.262; normal tissues, 0.183±0.067; Student's t-test, p<0.01) (Fig. 3) . A quantitative analysis of the molecules indicated that the significant difference in the mRNA level of Amot was also observed in all the carcinoma tissues examined (n=127: carcinoma tissues, Table I . Summary of fractions selected for mass spectrometry analyses. b Fractions collected in the second dimension reverse-phase chromatography; R/H, protein peak area of RLC-310/protein peak area of HK-2 in the second dimension reverse-phase chromatography.
Fraction coordinates -------------------------------------------------------------------------------------------
6.03±4.46; normal tissues, 1; Student's t-test, p<0.01). Taken together, our data demonstrated that Amot was overexpressed in ccRCC tissues at both mRNA and protein levels, which is consistent with the observations made in the ccRCC cell lines.
Correlation of Amot expression with clinical and pathological characteristics of ccRCC.
One hundred and twenty-seven tissue samples from ccRCC patients at different clinical stages were used to investigate the correlation of the Amot expression level with the clinical outcome of ccRCC. Of the 127 patients with ccRCC, 99 had a higher level of Amot expression in ccRCC tissues (2 -∆∆ct >2) than in ANRT and 28 had a lower level of Amot expression (2 -∆∆ct ≤2). The overexpression rate of Amot in ccRCC was 77.95% (99/127) (Table II) . It was shown that Amot overexpression had a significantly high relationship with the poor histodifferentiation of carcinoma cells (crosstabs χ 2 test, p<0.01) (Fig. 4A ), a high relationship with venous invasion (cross-tabs χ 2 test, p<0.05) (Fig. 4B ), but no apparent relationship with the Robson stage (stages I, II and III/IV) for renal carcinoma (cross-tabs χ 2 test, p>0.05) (Fig. 4C) . These results were also confirmed by the Kruskal-Wallis test, a nonparametric test based on completely randomized design for comparisons of more than two samples.
Prognostic significance of Amot expression in ccRCC.
The survival analysis using the log-rank test suggested that the overexpression of Amot transcript was probably associated with the poor outcome of ccRCC patients (log-rank test, p<0.01; Fig. 4D ). The 5-year survival rates of patients with lowlevel and high-level Amot expressions were 78.6 and 40.4%, respectively. Multivariate analysis was performed using the Cox proportional hazard model to determine whether the prognostic value of the Amot transcript level was independent of other risk factors associated with the clinical outcome of ccRCC. The risk factors examined included Amot transcript expression (low level and high level), venous invasion (negative and positive), histodifferentiation (well, moderately and poorly differentiated) and Robson stage (stages I, II and III/IV). Table II shows that as a prognostic factor for the survival of ccRCC patients, the Amot transcript expression was independent of these risk factors (p<0.05).
Discussion
In the present study, we compared the global protein profiles of ccRCC RLC-310 and normal renal cell line HK-2 using a PF-2D and capillary LC-ESI-MS/MS-based approach. More than 196 differentially expressed proteins were identified between the carcinoma and normal cell lines. The differential expressions of proteins in ccRCC cell line were functionally related to biological pathways of cell proliferation and antiapoptosis, energy metabolism, mitochondria reduction and oxadation, oxidative stress and resistance, cell signaling, invasion and adhesion, cytoskeleton and motion, neovascularization and others. The extensive protein profile indicated that multiple cellular pathways might be involved in the process of tumorigenesis of ccRCC.
The most striking finding is the initial identification of overexpressed Amot in ccRCC. Its increased expression was also confirmed by RT-PCR and western blot analyses in a cell line. Angiomotin was first identified as KIAA1071 by Kikuno et al in 1999 from a set of size-fractionated human adult and fetal brain cDNA libraries, but its function was unknown (19) . Troyanovsky et al have reported that Amot is an angiostatin binding protein and can mediate the angiostatin inhibition of migration and the tube formation of endothelial cells (20) . A further study found that the expression of Amot in mouse aortic endothelial cells results in stabilization of tubes in the Matrigel assay and promotes tumor growth and invasion into surrounding muscle tissues in vivo (21) . The critical roles of Amot in vascular patterning and endothelial polarization suggest that it may be involved in oncogenesis. Amot has been found to be highly expressed in human breast tumor tissues and linked to angiogenesis (22) . However, the expression and role of Amot in RCC have not been experimentally investigated.
After the overexpression of Amot in 18 frozen ccRCC tissues was confirmed by western blot analysis, the expression level of Amot was further investigated by real-time RT-RCR in 127 ccRCC tissues and their corresponding ANRT. The relationships between the Amot expression and the clinical parameters such as Robson stage, histodifferentiation and venous invasion of ccRCC were established. It is notable that the Amot expression in ccRCC was correlated with histodifferentiation and that the overexpression of Amot significantly represented the poor differentiation of ccRCC. On the whole, the ubiquitous overexpression of Amot in ccRCC and its close relationship with ccRCC cell differentiation suggest that Amot may be an important component of ccRCC transformation and development.
The Amot expression showed a significant relationship with venous invasion but no relationship with clinical stages in ccRCC, which are similar to the results of Jiang et al study on human breast cancer (22) . Angiogenesis plays an important role in the invasion and dissemination of RCC and is mediated by numerous factors, such as HIF1α and VEGF. Amot also plays an important role in angiogenesis. Holmgren et al (23) have reported that a combination of DNA vaccines encoding Amot and the extracellular and transmembrane domains of the human EGF receptor 2 (Her-2)/neu oncogene can inhibit breast cancer progression and impaire tumor vascularization in Her-2/neu transgenic mice. A further study found (24) that the anti-Amot B06 antibody can significantly reduce the number of endothelial filopodia and inhibit vessel migration during retinal angiogenesis in vivo and that the systemic or local treatment with this antibody can inhibit the pathological blood vessel formation associated with tumor growth or laserinduced choroid neovascularization of the eye. Recent studies (25) have also shown that electroporation of plasmid coding for the human Amot can significantly delay the progression of autochthonous tumors in cancer prone BALB-neuT and PyMT genetically engineered mice and transplantable TUBO tumor in wild-type BALB/c mice. These studies suggest that the therapy targeting to Amot can restrain pathological angiogenesis around the tumor and may be a new idea for the development of antineoplastics.
Up to the present, the role of Amot in physiological angiogenesis has remained unclear. Wells et al (26) have found that Rich1 binds the scaffolding protein Amot and is thereby targeted to a protein complex at tight junctions (TJs) containing the PDZ-domain proteins and then maintain TJ integrity by the coordinate regulation of Cdc42 and by linking specific components of the TJ to intracellular protein trafficking. Aase et al (27) have confirmed that Amot is important for endothelial polarization during migration and can control Rac1 activity in endothelial and epithelial cells. Recent research (28) has also found that Amot functions downstream of Merlin and upstream of Rich1 and that depletion of angiomotin in Nf2(-/-) Schwann cells attenuates the Ras-MAPK signaling pathway and impedes cellular proliferation in vitro and tumorigenesis in vivo. However, the latest studies (29, 30) have found that Amot, as a component of the Hippo pathway, can inhibit Yes-associated protein (YAP) and transcriptional coactivator with PDZ-binding motif (TAZ) oncoprotein by Amot-mediated Hippo-independent tight junction localization. The results of these two studies lead to the question, why did Amot inhibit rather than promote YAP and TAZ oncoprotein? We speculated that it was probably because Amot may play different roles due to its cellular locations and in these two studies, the authors used the normal cell line (human embryonic kidney cell line HEK293), but the biological significance of Amot may differ between renal tumor cells and embryonic kidney cells.
Among proangiogenic factors, vascular endothelial growth factor (VEGF) is the mainstay of tumor angiogenesis (31, 32) . Clear-cell RCCs (75%) are strongly associated with mutations of Von Hippel Lindau (VHL) tumor suppressor gene which induces the degradation of hypoxia-inducible factor (HIF-1α and β) in the presence of oxygen. Therefore, the VHL/HIF-1/ VEGF pathway is deregulated in RCCs and it represents a reasonable therapeutic target for RCCs (33, 34) . Amot antibodies inhibit FGF-2 and VEGF-induced endothelial migration in the Boyden chamber assay (24) . However, Amot-deficient cells have intact response to VEGF in regard to differentiation and proliferation though the chemotactic response to VEGF is abolished in Amot-deficient cells (27) . This means that Amotrelated pathways may be VEGF-independent angiogenesis pathways. Further studies need to be conducted to elucidate the role of Amot in tumor pathological angiogenesis.
In this study, univariate and multivariate analysis revealed that ccRCC patients with strongly positive Amot transcript showed decreased survival, compared with other groups, which indicates that the transcript expression of Amot in ccRCC may be an independent predictor of survival. Although the molecular partners of Amot that promote cancer development were not discovered, Amot displays an unusually high expression in a few cancer types and is correlated with poor outcome of the patients. Jiang et al (22) have confirmed that high levels of Amot transcript are associated with shorter overall survival although they did not use the Cox statistic model to perform multivariate analyses.
This study is the first to identify the overexpression of Amot in ccRCC cells and tissues. Moreover, it is initially reported that its overexpression in ccRCC was associated with poor differentiation, venous invasion and prognosis. Our data suggest that patients who undergo nephrectomy for localized diseases (Robson stage Ι or II) and whose tumors express high levels of Amot are at increased risk of death. Survival is a major clinical determinant of the outcome of RCC. Thus, once Amot is validated as a reliable prognostic marker for ccRCC, it will contribute to the establishment of individualized followup protocols as well as to the identification of patients suitable for adjuvant therapy in clinical trials. Further studies are needed to determine the prognostic value of this protein in a large spectrum of ccRCC.
